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COMPLETE SPECEFICATION. 

Improvements in and relating to Hydraulic Pomps and Motors. 

I, Hans Thoma, a German Qtizen of fluid is admitted under pressure, the thrust 

Bellevueweg 25, Zug, Switzerland, do here- generator being located within a non-rotary 

by declare the invention, for which I pray part of the apparatus, and connected by way 45 

that a patent may be granted to me, and of a rotary thrust bearing to a rotary shaft 

6 the method by wluch it is to be performed, which is connected to the rotary cylmder 

to be particularly described in and by the block so as to transmit the axial thrust of 

following statement: — the generator to the cylinder block 

This invention relates to axial piston hy- In a hydraulic pump or motor according 60 

draulic pumps or motors of the type com- to a preferred form of the present inven- 

10 prising a rotary cylinder block formed witii tion the rotary shaft extends axially through 

a number of axial or substantially axial the cylinder block and engages said block 

cylinder bores housing pistons which co- at or near the end remote from the valve 

operate with an inclined or inclinable drive member through a univers^ pivotal joint so 55 

member, a non-rotary valve member having as to pCTiit the block to have freedom to 

15 ports which co-operate with ports in the tilt and alkp itself in relation to the oppos- 

cylinder block to control the admission and ing fece of the valve plate, 
discharge of fluid from the cylinder bores. In a hydraulic pump or motor according 

and hvdFaulic balancing means acting to to one embodiment of the present invention 60 

urge the cylinder block towards the valva the hydraulic thrust generator is located in 

20 member. or on the valve member and comprises a 

Thus for example the invention may be cylinder containing a single annular piston 

applied both to so-called "tilting head" which is uigpd axially outwards by pressure 

pumps or motors, and also to pumps or liquid whidi enters the cylinder on the 66 

motors of the type in which the drive mem- underside of the annular piston througn 

25 ber is a non-rotary cam member. passages containing each a non-return valve 

Broadly the present mvention consists in leading from the usual inlet and discharge 

an axial piston hydraulic pump or motor of ports withm the valve member, 
the type specified in wmdi the hydraulic The axial force acting on the annular 70 

pump or motor comprises a rotary cylinder balancing piston is imparted to the outer 

30 blodc formed with a number of axial or end of the rotary shaft, through a plain 

substantially axial cylinder bores housing thrust bearing. The rotary shaft extends 

pistons which co-operate with an inclined axially tiiroupi dearance holes in die valve 

or inclinable drive member, a non-rotary member and the cylinder block and engages 76 

valve member having ports whidx co-oper- the end of the Qrlinder block remote from 

36 ate with ports in the cjdmder block to con- the valve member through a hemi-spherical 

trol the admission and discharge of fluid bearing. 

from the qrlind^ bores, and hydraulic By this means the thrust on the balanc- 

balancing means acting to urge ib& cylinder ing piston acts through the aforesaid rotary 80 

block towards the valve member, the hy- shaft m tension to pull the cylinder block 

40 draulic balandng means comprises a hy- into firm sealing contact with the co-acting 

draulic thrust generator including a piston face of the valve member, 
and cylinder assembly to which hydraulic In a modified form of the invention the 
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single annular balancing piston is replaced 
by two or more pistons or plungers posi- 
tioned around the axis of the shaft and en- 
gaging a thrust plate on the shaft throu^ 
5 sliding slippers. 

Each 01 the aforesaid pistons or plungers 
may be urged axially as in the first embodi- 
ment, by a combination of a spring and hy- 
draulic pressure. 

10 In a still further embodiment the one or 
more balancing pistons or plungers and 
their cylinder or cylinders are situated in a 
stationary member at the end of the pump 
or motor casing opposite to that at which 

15 the valve member is situated. 

In this embodiment the thrust of the 
balancing pistons or plungers acts through 
the rotary shaft in compression to thrust 
the cylinder block towanb the valve mem- 

20 ber. 

In some cases the rotary shaft may ex- 
tend through the valve member and be used 
as a drive shaft for the cylinder block. Al- 
ternatively the two shafts may be separate. 

25 The connection between the rotary shaft, 
and the cylinder block is preferably such as 
to permit the shaft to have freedom for 
slight longitudinal movement and the cylin- 
der blodc freedom to tilt relative toJ the 

30 shaft Alternatively the shaft may be 
rigidly connected to the cyiindo: block, and 
formed with sufficient flexibility to allow the 
cylinder block to tilt and align itself with 
the valve member. In this latter case other 

35 means, such as a surrounding radial bear- 
ing, should be provided to locate the cylin- 
der block radiafiy. 

The invention may be performed in 
various ways and five different designs of a 

40 hydraulic pump or motor constitutmg five 
embodiments of the present invention will 
now be described by way of example with 
reference to the accompanying drawings in 
which: — 

45 Figure 1 is a longitudinal section through 
a hydraulic pump or motor according to 
one embodiment. 

Figure 2 is a view similar to Figure 1 of 
the second embodiment, 

50 Figure 3 is a view similar to Figure 1 
showing parts enclosed in a casing and 
illustrating the third embodiment. 

Figure 4 is a longitudinal section through 
a hydraulic pump or motor according to me 

55 fourth embodiment 

Figure 5 is a longitudinal section through 
a hydraulic pump or motor according to me 
fifth embodiment 
The hydraulic pump or motor according 

60 to each of the examples illustrated in the 
drawings comprises basically a rotary cylin- 
der block 1 having a plurality of displace- 
ment cylinders lying parallel to the axis of 
rotation of the Ikck and regularly dis- 

65 posed around thi? axis, each such cylinder 



containing a piston 2 provided with connect- 
ing rods 4. 

In Figure 1, which illustrates a "tilting 
head** pump the connecting rods 4 are con- 
nected to a- rotary drive plate 3 throug^i ball 70 
and socket joints. The rotary drive plate 3 
is driven by a drive shaft 3A. whose axis 
is inclined or inclinable to the axis of the 
cylinder block 1, and such drive is imparted 
simultaneously to the cylinder block in 75 
known manner throudi me action of the 
pistons 2 and connecting rods 4. 

The cylinder block is rotated relatively 
to a stationary valve member 30 and both 
the cylinder block and the valve member 80 
have fiat planar faces which are held firmly 
in contact \yith each other to form a seal to 
prevent the escape of liquid in its flow be- 
tween the cylinder ports in the cylinder 
block and the usual kidney shaped recesses 85 
and the main passages Dl and D2 in the 
valve member, all according to known prac- 
tice. 

External means (not shown) are provided 
for altering the inclination between the 90 
bearings supporting the shaft 3A and the 
casing member supporting the valve mem- 
ber 30, and articulated pressure fluid con- 
nections are also associated with the main 
inlet and outlet passages Dl, D2, in the 95 
valve member. 

The cylinder block and the valve member 
are held firmly in sealing contact with each 
other by a hydraulic balancing means, which 
operates through a longitudinally movable 100 
rotary shaft 8 to pull the cylinder block 
hard against the valve member. 

In the embodiment illustrated in Figure 1 
the hydraulic balancing means is mounted 
partly within the valve member 30 and it 106 
comprises a hydraulic thrust generator con- 
sisting of a single annular piston 11 within 
a cylinder in the body of the valve member. 

This annular piston 11 is urged in an 
axial outward direction by a spring 25 and 110 
by pressure liquid admitted to its underside 
through passages 21 and 22 leading from 
the main passages D2 and Dl respectively. 
Each of the passages 21, 22, includes a non- 
return valve such that pressure fluid will be 115 
delivered to the piston 11 irrespective of 
the direction of rotation of the pump, or 
whether it is used as a motor. 

The pressure acting on the annular piston 
11 is transferred to the shaft 8 through an 120 
annular thrust blocic 14 secured by lock nuts 
14A to the outer end of the shaft 8. This 
produces a slight longitudinal outward move- 
ment of the shaft 8 and this movement in 
turn is transmitted to the underside of the 125 
cylinder block 1 which in consequence is 
pulled upwards in the drawing to hold the 
flat or plane valve face on the cylinder 
block in firm contact with the opposing flat 
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or plane valve face on the valve member 
30. 

So that the cylinder blodc shall be self- 
aligning in relationship to the valve member 
5 it is provided with an over-size clearance 
hole along its axis for the shaft 8 and it 
is engaged by the shaft through a universal 
pivotal joint centred on the axis and pro- 
vided by a hemispherical enlargement 10 on 
10 the shaft engaging with a correspondingly 
shaped seating in 9ie lower end of the cylin- 
der block. By this means the cylinder 
block has a universal freedom to tilt rela- 
tively to the valve member 30 and shaft 8 
15 about the centre of the pivotal joint which 
is situated at the end of the cyflnder blodc 
remote from the valve member. 

To permit the rotary drive plate 3 to be 
angularly adjusted relative to the cylinder 
20 block the lower end of the shaft 8 is con- 
nected to the rotary thrust plate by means 
of a footstep bearing in the form of a ball 
and socket joint 9 which £dso permits rela- 
tive axid movement of the shaft 8. 
26 As a consequence of the heavy load and 
resultant friction at the pivotal bearing 10 
the shaft 8 wiH rotate with the cylinder 
block, such rotary motion will be imparted 
also to the thrust block 14. By the use of 
30 a stop pin 27 the piston 11 is prevented 
from rotating, and therefore lubrication is 
necessary between the piston 11 and the 
thrust block 14, which in the example illus- 
trated is supplied by oil fed through a small 
35 passage 111 from a pressure space within 
the balancing cylinder. 

The sinde annular balancmg piston 11 
shown in Figure 1 may be replaced by a 
number of individual pistons arranged on 
40 opposite sides of or around the ^aft 8. 
Such an embodiment is illustrated m Figure 
2 wherein two diametrically opposed 
balancing pistons 11 are shown, botii slid- 
ably engaging with the underfaoe of a thrust 
45 plate 14 mounted on the upper end of and 
rotatmg with the shaft 8. 

In the illustration two possible forms of 
piston 11 are shown, that on the left havmg 
a sliding slipper 13 mounted on a ball end 
50 on the piston and supplied with lubricating 
oil by an internal passage 12, and that on 
the right having a connecting rod provided 
with an extended surface on its upper or 
outer end for sliding engagement with the 
56 thrust plate 14. 

Where a plurality of balancing pistons 11 
are used disposed at r^ular intervals 
around the shaft 8 a single sliding slipper 
in the form of an armular ring common to 
60 the series of pistons 11 may be used instead 
of separate slippers individual to each 
piston. Such one or more sliding slippers 
may be lubricated and supported by an oil 
film in the usual way fed throu^ parages 
66 such as 12. Alternatively, when using a 



single annular slipper this may be supported 
by an interposea roller bearing. It will be 
seen that since the thrust bearing assembly 
is located at a {joint remote from the cylin- 
der block, and in a non-rotary part of the 70 
machine, it is possible to adopt relativdy 
large dimensions for the thrust bearing with- 
out affecting the design or dimensions of 
the cylinder block. 

In the example illustrated in Figure 2 76 
springs 25 are provided behind the pistons 
11. and the body 16 containing the balanc- 
ing cylinders is made separately from the 
vzdve member 30 and adapted to fit into a 
recess in the upper surface thereof and be 80 
held therein by bolts or studs. This con- 
struction enables oil and pressure distribut- 
ing grooves 17 and 18 to be cut in the 
opposing surfaces of the body 16, and the 
recess in the valve member; the groove 18 86 
being in the bottom face of the recess and 
fitted with an 0-ring 23 or other suitable 
seal. 

The embodiment illustrated in Figure 3 
comprises a pump or motor of the type hav- 90 
ing a non-rotary inclinable cam member 3B 
co-operating with the pistons 2. In tiiis em- 
bodiment the shaft 8 is extended away from 
the valve member to provide a one piece 
shaft acting also as a drive shaft 3A for the 95 
cylinder block. To this end the shaft 8 in 
the region of the hemi-spherical portion 10, 
is provided with splines or spur teeth 40 to 
co-operate with internal teeth 41 on the 
cylirider block and form a driving connec- 100 
tion between the shaft 8 and the cylinder 
block. It will be noted that the splmes or 
teeth 40, 41, are comparatively short in an 
axial dkection, and that a plane perpen- 
dicular to the length of the shaft 8 and 106 
passing through the centre of the hemi- 
spherical portion 10 intersects this spline 
coupling at approximately the mid-point of 
its axial lengtL The surface 10 is accord- 
ingly somewhat cut back at its periphery as HO 
compared with the constructions of Figures 
1 and 2. 

If desired the shaft 8 may be separate 
from the driving portion 3A as in the ex- 
amples shown in Figures 1 and 2, the sh^ 116 
8 proper then ending at a point above the 
toothed coimection 40, 41. 

In other respects the embodiment illus- 
trated in Figure 3 is approximately the same 
as that shown in Figure 2. 120 

In Hgure 4 is illustrated an embodiment 
similar to that illustrated in Figure 3 but 
differing therefrom in that the hydraulic 
balancing means is disposed in a casing 
which is attached to the end of the pump or 126 
motor casing remote from the valve mem- 
ber 30. In this embodiment the balancing 
pistons 11, of which there may be one or 
more as preferred, are arranged to be urged 
in an upward direction against the thmsl 130 
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plate 14 on the lower end of the shaft 8. 
so as to cause said shaft to push the pump 
or motor cylinder block 1 up against the 
underface of the valve member 30. 
5 In this embodknent also the shaft 8 forms 
the drive shaft for the cylinder block, but 
the driving or powtt* input end of the shaft 
is at the top where it extends through and 
beyond the valve mernb^ 30, and said shaft 

10 is permitted to be free to move longitu- 
dmally within limits and to this end it is 
isupported at opposite ends by radial bear- 
ings 42 and 43 which pomit the shaft to 
sUde axially therein. 

15 In this embodiment jpressure liquid from 
the passages DI and D2 in the ^ve mem- 
ber 30 is fed to the inlets 21 and 22 of 
the balancmg cylinders through piping, not 
shown. 

20 In Figure 5 is illustrated a ''tilting head" 
type of pump m whidi the rotary shaft 8 is 
separate from the drive shaft 3A but con- 
nected thereto through a universal coupling 
such as the cardan ^e joint 32, • 

26 This embodiment includes a hydraulic 
balancing thrust generator comprising a 
single annular piston U and cylinder assem- 
bly of modified form in that it has three 
stepped portions each of a different dia- 

30 meter, with the portion of smaller diameter 
at the lower or inner end, and the portion 
of laigest diameter at the outer end. In 
other essential respects the design of the 
hydraulic thrust generator is sunilar to that 

35 illustrated in Figure 1 of the drawmgs. 

It is an essential of the present invention 
that the hydraulic balancmg means shall be 
mounted on a stationary part of the pump 
or motor so as to be non-rotating when said 

40 pump or motor is operating and that the 
thrust created by the pressure liquid acting 
on its one or more pistons or plunger shall 
be imparted to the shaft 8 through a thrust 
bearmg -device such as a thrust plate 
45 mounted on and attached to said shaft 8 
whereby the shaft 8 is free to rotate relative 
to said one or more balancing pistons or 
plungers. 

cA 1- ^ ^^^^^ obtaining a proper 

50 balance of forces on the cylinder blo<±, id 
to reduce tilting mdm^ts exerted thereon 
by the . hydraulic fluid, it is preferred that 
the cylinder ports in the cylindrical block 
should, be ofl&et inwards towards the axis 

55. of rotation of the cylinder blodc relative to 
the QTlinder bores in the block. 

It is also preferred to embody the im- 
provements in a hydrauKc pump or motor 
m which the co-acting sealing faces of the 

eo valve plate and cylinder blodk are flat and 
planar and not curved 

It will be noted that in all the described 
embodiments the piston and cylinder com- 
ponents of the hydraulic thrust generator 

65 are not subject to relative rotation. Thus 



wear is reduced, and effective sealing de- 
vices such as 0-rings can be used. 

WHAT I CLAIM IS:— 
1. An axial piston hydraulic pump or 
motor comprising a rotary cylinder block 70 
foromed with a number of axial or substan- 
tially axial cylinder bores housing pistons 
which co-operate with an mclined or inclin- 
able drive member, a non-rotary valve mem- 
ber having ports which co-operate with ports 76 
in the cylinder block to control the ad- 
mission and discharge of fluid from the 
cylinder bores, and hydraulic balancing 
naeans acting to urge the cylinder block to- 
wards the valve member, the hydraulic 80 
balancing means comprising a hydraulic 
thrust generator mcluding a piston and 
cylinder assembly to which hydraulic fluid 
is admitted under pressure, the thrust 
generator being located within a non-rotary 86 
part of the apparatus, and connected by way 
of a rotary thrust bearing to a rotary shaft 
which is connected to the rotary cylmder 
block so as to transmit the axial thrust of 
the generator to the cylinder block. 90 
2. A hydraulic pump or motor accord- 
' ich " 



mg to claim 1, in which the shaft extends 
axially through the centre of the cylinder 
block and engages said cylinder blodc at a 
point spaced from the valve member, the 96 
arrangement being such that the cylinder 
block has freedom to tilt so as to be self- 
aligning m relation to the valve member. 

3. .A hydraulic pump or motor accord- 
ing to daim 1 or claim 2. in which the 100 
rotary shaft is connected to the cylinder 
block so as to rotate therewith. 
^ 4. A hydraulic pump or motor accord- 
mg^ to claim 1 or claim 2 or claim 3, in 
which the rotary shaft is connected to the 106 
C3dinder block by a jomt capable of allow- 
mg limited pivotal movements of the cylin- 
der block relative to the shaft. 

5. A hydraulic pump or motor accord- 
ing to daim 4, in which the joint comprises 110 
two part-spherical surfaces centred at a 
pomt on the axis of the cvlinder block re- 
mote from the valve member. 

6. A hydraulic pump or motor accord- 
ing to claun 5, indudmg a toothed or splined 116 
coupling mterconnecting the shaft and the 
cylinder block and situated adjacent a plane 
perpendicular to the shaft and passing 
through the centre of the part-spherical sur- 
faces. 120 

7. A hydraulic pump or motor accord- 
ing to claims 1, 2, or 3, in which the shaft 
IS rigMly secured to the cylinder block so 
that the two are relatively immovable and 
said shaft is suffidently flexible as to per- 125 
mit the cyluider block to be self-alkning 
in relation to the valve member. 

8. A hydraulic pump or motor accord- 
ing to any of the preceding claims, in which 
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the hydraulic thrust generator is carried by 
and situated in the valve member. 

9. A hydraulic pump or motor accord- 
ing to any of the preceding claims 1 to 7, 

5 in which the hydraulic thrust generator is 
carried by a stationaiy member that is situ- 
ated at the end of the pump or motor which 
is opposite to that at which the valve mem- 
ber is situated. 

10 10. A hydraulic pump or motor accord- 
ing to any of the preceding claims, in which 
the hydraulic thrust generator comprises an 
annular piston and cylinder assembly sur- 
rounding the axis of the cylinder block. 

15 11. A hydraulic pump or motor accord- 
ing to any of the preceding claims 1 to 9. 
in which tiie hydraulic thrust generator com- 
prises a number of individual piston and 
cylinder assemblies, spaced around the axis 

20 of the cylinder block. 

12. A hydraulic pump or motor accord- 
ing to any of the preceding claims, in which 
the rotary thrust bearing between the hy- 
draulic thrust generator and the rotary shaft 

25 comprises co-operating annular surfaces sur- 
rounding the axis of the Qrlinder block. 

13. A hydraulic pump or motor accord- 
ing to any of the preceding claims, in which 
the hydraulic thrust generator is connected 

30 to the pressure liquid discharge port in the 
case of a hydraulic pump, or the pressure 
inlet port in the case of a hydraulic motor. 

14. A hydraulic pump or motor accord- 
ing to claim 13. in whidi the hydraulic 

35 thrust generator is connected to both the 
inlet and discharge ports through passages 



each containing a one-way valve, so that the 
tiirust generator is supplied with fluid under 
pressure irrespective of the mode of opera- 
tion of the pump or motor. 40 

15. A hydraulic pump or motor accord- 
ing to any of the preceding dauns, includ- 
ing a drive shaft connected to rotate with 
the cylinder block, the rotary shaft for trans- 
mitting to the cylinder block the axial force 46 
created by the hydraulic thrust generator 
being separate from the said drive shaft. 

16. A hydraulic pump or motor accord- 
ing to any of the preceding claims 1 to 15. 

in which the rotary shaft also acts as a drive 50 
shaft for the cylinder block. 

17. A hydraulic pump or motor accord- 
ing to any of the preceding claims, in which 
the sealing surfaces on the cylinder block 
and the co-acting seaHng sui^ces on the 55 
valve member are flat ard planar. 

18. A hydraulic pump or motor accord- 
ing to any of the preceding claims, in which 
the ports in the cylinder block are offset in- 
wards towards the axis of rotation of the 60 
cylinder block, with respect to the cylinder 
bores in the block. 

19. A hydraulic pump or motor accord- 
ing to any of the examples herein described 
and illustrated in the accompanying draw- 66 
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